Predicting the Radiometric Biases between ABI and VIIRS Due to
Spectral Response Function Differences
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Abstract

Accounting for Atmospheric Effects

Neglecting Atmospheric Effects

The Visible Infrared Imager Radiometer Suite (VIIRS) was
launched last year aboard the Suomi NPP satellite. The high
quality of the radiometric data can be attributed to
thorough pre-launch spectral response characterization by
the vendor and validation using the Spectral Irradiance and
Radiance Responsivity Calibrations Using Uniform Sources
(SIRCUS) facility provided by the National Institute of
Standards and Technology (NIST). The GOES-R program is
similarly developing an imaging radiometer, the Advanced
Baseline Imager (ABI), which has sixteen channels and
which roughly match the spectral response of eleven
channels of VIIRS. Much like VIIRS, ABI is undergoing
intensive pre-launch characterization and the spectral
response functions for the first flight model are now
available. This gives us a unique opportunity to make a
detailed analysis of the spectral response function
differences and predict the resulting biases. These biases
are calculated and the impact of atmospheric effects are
also analyzed.

Emissive Channels

Atmospheric effects such as absorption, upwelling and downwelling radiance are
simulated using the MODTRAN atmospheric model for several earth targets- snow,
ice, water, soil and cropland. Note that similar targets chosen include those used
in the analysis neglecting atmospheric effects but all targets were used for all
channels here. Atmospheric and environmental parameters used in MODTRAN
were selected based on the sample VIIRS imagery shown below.

We first neglect atmospheric effects and calculate the radiometric bias expressed
as a effective spectral radiance ratio and brightness temperature difference. The
biases are calculated from radiance/temperature values sensed by ABI or VIIRS
when viewing the earth targets- snow, water, and ice, which are used in ABI Level
2 product algorithms. Note that the reflected solar radiation is non-negligible for
the lowest (emissive) wavelength channel. Spectral Response Functions for ABI
(black) and VIIRS (pink) are shown for the 11 channels compared in this study.
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Solar spectral
irradiance was
obtained from the
Solar Radiation
Physical Modeling
(SRPM) [2].

Image from Ref. 1
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Reflective Channels

snow

The effective spectral radiance ratio is calculated for the reflective
channels. Some different earth targets are used - snow, soil, and grass.

VIIRS images shown as RGB
composite (M5, M4, M2,
respectively) used as basis of
MODTRAN simulation. Parts of
Lakes Superior, Michigan and
Huron can be seen on the righthand side.
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Spectral response - all channels
April

Channel differences in central wavelength and width are
shown. Note that the channels with the largest such
differences will not necessarily have the largest
radiometric biases .
Channels
ABI
VIIRS
047
M3
064
M5
086
M7
138
M9
161
M10
225
M11
390
I4
850
M14
1035 M15
1120
I5
1230 M16A

Channels compared in this study.
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Conclusions

•
Thuillier Solar Irradiance model [3]

•
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Expected on-orbit biases between VIIRS and ABI viewing common targets were predicted.
Neglecting atmospheric effects, emissive channels show biases <<1 K except between ABI
390 and VIIRS I4. Reflective channels agree to <2% except for 047-M3 and 064-M5.
Atmospheric and solar illumination impacts on biases were predicted. Large differences up
to 10% are seen in the reflective channels for several targets. Biases of over 20% are also
seen for most targets between ABI 390 and VIIRS I4, largely due to the broader width of I4.
Atmospheric impacts are particularly apparent in the visible and near IR channels as well as
the 390-I4 channel as expected.
Future work will focus on validating the results using additional VIIRS images and
atmospheric simulations, and hyperspectral satellite data.
This study shows that biases must be well understood to make meaningful comparisons
between ABI and VIIRS.

